Consider a thin film that is crushed into a small ball to induce random wrinkles as shown in Figure  3a .
This state corresponds to a thin film structure that is packaged for transportation. As shown in Figure  3b , the film does not expand to any resemblance of a fiat surface when compressive loads are removed.
Rather, it retains a shape closer to that of the compressed ball. This behavior is a result of plastic deformations that have occurred in the crushing process.
In this ball-like state, the material will exhibit an elastic behavior only for very small applied loads. Application of larger loads ( Figure  3c ) will cause reverse plastic deformations in the vicinity of creases and permanently decrease wrinkle amplitudes. As wrinkles are reduced by higher stresses, the material will no longer return to a ball-like shape; a plastic response is observed. With adequate loads, enough wrinkles are removed and a sample can be considered flat at scales much larger than a single wrinkle ( Figure  3d ). In this quasi-flat state, loads up to the maximum applied stress will result in only elastic deformations.
The material will follow the elastic response curve. This is a kinematic consequence of the bending deformations associated with the expansion of wrinkles not parallel to the load direction.
A uniaxial stress will pull out all wrinkles that are not exactly parallel to the load axis. Because wrinkles expand perpendicular to their axis, the expansion of an off-axis wrinkle will cause positive strain components in the load direction as well as the transverse direction ( Figure   4 ).
Requirements for Characterizin_

Constitutive Beha_4or
It will be shown that the general in-plane constitutive behavior of a preconditioned randomly wrinkled thin film is described by the single function, 
Deterministic
Mechanistic Constitutive
Model
The profile of a wrinkled Kapton ® HN sample is shown in Figure 5 . Two types of wrinkles are present:
small radius creases and large radius curves. The large radius curves pull out at relatively low stress levels, leaving creases to dominate material constitutive behavior. This observation prompted the development of a physical model based on tightly creased beams as opposed to large radius curves.
Illustrations of the physical model in original and deformed configurations are shown in Figure 6 . The model is created from a rectangular arrangement of beams bent in the initial profile of a zigzag and connected at points of maximum distance from mid-plane.
The connecting points were chosen such that straightening out one set of parallel beams has a tendency to do the same to the transverse set of beams, thus, including the negative Poisson's ratio mechanism.
To control the Poisson's ratio effect, the model also includes linear springs at the beam connecting points. This allows beams in one direction to straighten out, and encourages beams in the transverse direction to also straighten out, but does not require them to do so by an equal amount. This leads to an effective initial shrinkage strain of,
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The initial shrinkage is a direct measurement of how much smaller the wrinkled and preconditioned material under zero stress is compared to the unwrinkled sample under zero stress.
Strains are engineering strains and are based on a gage length that corresponds to the pristine material under zero stress. As a result, the strains predicted by the model are negative; wrinkles always have a tendency to effectively shrink materials.
A free-body diagram of the model repeating element is shown in Figure 8 . Moments are established in the beam given by,
The moment is based on the deformed profile (w) to include the geometrically nonlinear effects of large displacements, w is the profile of the beam al_er P
and Q are applied and it is given by,
where wj represents the displacements caused by P and Q that are in addition to %. 
Equations (13) and (15) are used to formulate the behavior of the unit cell of Figure 9 . This is the smallest unit that fully captures the behavior of the model.
A linear spring of non-dimensional stiffness _-is used as a first order approximation of the mechanism coupling axial and transverse strains. The spring does not structurally represent an identified deformation mechanism; it mimics behavior observed in test data.
Normally, such a caveat would prevent a model from being deterministic.
Hower, it has been observed that
• " typically takes a value close to 0.5 and this value is assumed in the model. It is also assumed that there is a elusive structural explanation that justifies the assumption. 
where, 
Total strains are the sum of strains due to bending, Equation (20), and strains due to mid-plane stretching, C "' = e, +eU"-
The model reveals a surprisingly simple expression for the initial (near zero stress) effective Young's modulus,
The effective initial Poisson's ratio turns out to be a constant, independent of specific wrinkle geometry.
v°=-O--_
Poisson's ratio of-0.933 occurs when Equation (25) is evaluated at a _ze = 23.2.
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